Objectives: To explore the perceptions of parents of pediatric patients in a PICU regarding real-time open electronic health record data displayed in patient rooms. Design: Cross-sectional qualitative interview study. Setting: PICU in a large Midwestern tertiary-care children's hospital. Subjects: Parents of patients in a PICU (n = 33). Measurements and Main Results: Qualitative data were collected through in-person semi-structured, individual, and small-group interviews. Data were collected from March 2016 to July 2016, with approval from the study hospital's institutional review board. Data were analyzed using inductive thematic analysis. Results included positive effects of accessing real-time open electronic health record data on family empowerment, situation awareness, potential error detection, understanding of medical data, and facilitating discussions during rounds. Concerns were reported regarding privacy of information as well as potential misinterpretation of displayed data. We identified several ways to improve this collaborative technology to make it more family-centered. Conclusions: This study suggests that a new health information technology system providing continuous access to open electronic health record data may be an effective way to empower and engage parents in the PICU, but potential drawbacks were also noted. The results also provide insights into the collaborative use of health information technology in the PICU setting. (Pediatr Crit Care Med 2019; 20:435-441) 
H ealth information technology (IT) can enable patients and families to be more involved in the care process, facilitating care that is more coordinated and patientand family-centered (1, 2) . In particular, in the "new era" of patient and family engagement, health IT can play a role in empowering patients and families to be discriminating consumers and key actors in their health (3, 4) . Health IT that promotes open, available data to patients and families enables them to obtain access to and control over their own health data, self-manage and transmit personal health information, self-initiate communication with healthcare professionals, set and monitor personalized health goals, and learn independently (3) (4) (5) (6) .
These empowering functions of health IT are particularly welcome in areas with a strong need for family engagement and coordination, such as pediatric hospital units. The Society of Critical Care Medicine presented 43 recommendations, including shared decision-making and better communication, to better support families of patients in PICU (7) . For their part, parents of patients in ICUs have voiced their desire to be involved in care for their children, including participating in rounds and receiving detailed information at every step rather than the "big picture" (8) (9) (10) . Early studies demonstrate that family-oriented health IT have potential to create opportunities for families to be more informed about their child's care and more involved in the decision-making process (5, 11) . For instance, acute care portals help bridge some needs but not generally at the granular level of the ICU. ICUs are unique areas, and prior data show cautious support for portals for families in the ICU (12) .
As new health IT systems are introduced with the potential to support family-centered models of care, it is important to evaluate their impact on families. Just as with health IT for professionals, the availability of technology for families does not guarantee it will be used or perceived to be useful, usable, or satisfactory (13, 14) . The objective of the present study was to explore the perceptions of parents of PICU patients when they are provided real-time open electronic health record (EHR) data through an in-room health IT system, the large customizable interactive monitor (LCIM). The LCIM is a flat-panel touchscreen monitor that displays data from the patient's EHR. Given that the study site is the third hospital in the nation and the first pediatric hospital to implement such technology, we sought to understand early experiences in detail. We interviewed parents of PICU patients about the perceived benefits, concerns, and suggested changes related to the LCIM.
METHODS
The design was a cross-sectional study of parents' experiences of having access to open EHR data in the PICU. Qualitative data were collected through in-person semi-structured interviews, some as individual interviews and some as small-group interviews, depending on parent availability. Data were collected from March 2016 to July 2016, with approval from the study hospital's institutional review board.
Setting
The study was conducted at Children's Hospital of Wisconsin, an academic pediatric tertiary care center in Milwaukee. The LCIM was deployed within the PICU, a 72-bed unit with three 24-bed floors. The PICU provides highly specialized care to critically ill children and neonates, including transplant, congenital heart disorders, trauma, sepsis, and oncologic disorders. Participants were parents of patients in the PICU.
LCIM Technology
The LCIM uses a commercially available software called Epic Monitor (v 2010; Epic Systems Corporation, Verona, WI) displayed on a large, 42" touchscreen monitor made available at the bedside and implemented in each room. The LCIM is an interactive monitor at the bedside, providing data to patients, families, and professional staff. Data entry occurs through the EHR and interfaces with devices and ancillary information systems. At the time of data collection, viewable data on the LCIM included discrete and trend vital sign information; the patient's problem list; laboratory test results; a list of medications and infusions with doses, routes, frequency and last administration time; documented fluid "ins and outs"; ventilator settings; and indwelling lines, drains, and airways with date/ time of placement (Supplemental Fig. 1 The content of the LCIM is customizable by hospital IT management but data must exist in the EHR to be displayed on the LCIM. Unlike a traditional EHR system at the hospital, the LCIM does not require a log-in for each use. It is activated upon the admission of the patient to the room and is always available for view and use. The LCIMs were installed as part of EHR implementation in 2012. There was no formal orientation for physicians or nurses to the LCIM. Similarly, there was no orientation of parents to the monitor by ICU staff; they are neither encouraged nor discouraged from interacting with the LCIM.
Data Collection
We recruited parents by disseminating research flyers in the PICU every week inviting parents to attend a scheduled meeting time. We only invited English speaking parents since the LCIM was only available in English. Otherwise, any parent was welcome to participate independent of their child's diagnoses, severity, or length of stay. Sessions were held during the day and in the evening to maximize parents' involvement. A well-defined qualitative data saturation concept was used as a guiding principle during data collection (15) . We reviewed the collected data until data saturation was reached, meaning no new information was heard in the prior three interviews. We recruited only one parent per child; participating parents were offered a $50 gift card. The interview questions, which were informed by the technology acceptance model (16) , covered parents' perceptions, such as perceived usefulness, perceived ease of use, the LCIM's contribution to care and rounds, concerns, and suggestions for improving the LCIM. By design, no patient-level data was collected at any phase of the study.
Data Analysis
We used an inductive thematic analysis approach for the analysis of the qualitative interview data (15) . All interviews were audiotaped and transcribed verbatim for analysis. We developed a codebook to guide the coding process and uploaded transcripts to NVivo 10 (QSR International, Melbourne, Australia) to facilitate data management, coding, and analyses. Two coders conducted the main thematic coding process with a third independent coder serving as a judge to adjudicate any disagreements. The team refined preliminary interpretations throughout this process and added new themes when necessary. Appropriate revisions of the themes and codes were made until consensus was achieved between the coders. Reliability checks were conducted throughout the coding process. The inter-coder reliability was assessed on six transcripts in total. The qualitative results were evaluated for validity through member checking.
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RESULTS
Demographics
A total of 33 parents participated in 20 sessions. Of the 20 sessions, 10 had only one participant and were treated as individual interviews. The remaining 10 sessions consisted of 2-3 parents interviewed together. Twenty-three parents reported active interaction/using the LCIM, whereas 10 parents stated they only looked at it but never touched it. The interviews lasted 20-35 minutes (mean, 28 min). In qualitative analysis, two main coders achieved acceptable inter-coder reliability of higher than 0.90 (range, 0.90-0.96). The demographics of participants are presented in Table 1 .
Themes
Open Data Can Increase Parental Situational Awareness and Potential Error Detection. Multiple parents described how the LCIM facilitates their understanding of their child's overall health problems and helps them understand the situation better. More specifically, it adds visual content/reference to the parents:
It's a communication tool that keeps everbody up to date so we're not constantly asking something that we could easily find ourselves…As labs come in then you're able to track and see "OK, we're making progress the right way or wrong way" and it helps you prepare for when a doctor maybe comes in to say [something about the child]able to track and see "OK, we're making progress."
Parents also reported that in some instances, they may find out new information through the LCIM before they had been briefed in-person by the care team: "Well, we actually saw that he had another problem before the doctors even said anything to us." Although this could represent a potential source of parental anxiety, the parents in our study indicated how the LCIM allowed them to prepare themselves for discussions with their clinicians. Parents also shared how the LCIM helped them find potential errors in care. One parent noted:
I have caught errors at rounds because … someone will say… "he's on vancomycin and cefepime" when he's not. "It says right there [on the LCIM] he's not" and then they'll say, "oh yeah."
Open Data Alters Family-Provider Communication.
Parents noted that the LCIM altered communication, either by serving as a conversational or educational aid with clinicians, such as in rounds or in obviating the need for verbal communication through parental self-service of information.
Parents reported that the LCIM improved the communication with the care team in several ways. One parent reported:
It helps prompt your questions that you might not think about when they're saying everything really fast. So, it helps for me to process, "oh I need to ask about this," or "maybe I did understand what they were trying to tell me." But, I can look at this so I'm not asking again while they're trying to give care to my daughter to help us with something. So, I think it's-it works as a really good communication piece for me to them.
Another parent said:
So, when they first pulled it up and showed me where to look and those kind of things and following where they look, now I can use that information to be able to be part of the discussion versus a bystander.
Parents described how some providers used the LCIM as a tool to educate and teach parents about specific cases:
He pulled up the x-ray and then he could show, like, okay here's, you know, the radiologist said this. That's what we're seeing here. That's what this cloudiness means. Here's the, he can point out different parts like here's the ET tube, and here are the pacer. To be able to see them in the x-ray was helpful.
Parents also reported that LCIM improves communication by helping families to formulate an agenda to discuss care topics with nurses.
In some cases, parents wanted to have updates but perceived that they had to interrupt or "bother" a clinician (often a nurse) for information. The LCIM allowed for self-service of data. Prior to me being able to go that smart board, I felt like I didn't have a right to that information because I had to pull somebody aside, I had to get them logged in, it was a bother, it was, well, now if I want to know what his x-ray looks like, go look at his x-ray. I don't need to call on somebody.
Open Data Facilitates Family Empowerment, Helping With Care and Advocacy. Twenty-one of the 33 participants related the experience of feeling more empowered to proactively help their child. Parents reported using the LCIM to stay up to date on the progress of their child, review laboratory data or to prompt questions of the team, and advocate for their child. "It gives me a sense of ownership and like I'm doing something, and that I'm thinking about what's going on with him." Parents, especially those who self-identified as parents of children with complex care needs, often reported doing research and becoming very familiar with the intricacies of their child's care. One parent noted:
My son has a complex health situation. I'm not going to apologize that I need to know what's going on with him, and if you're going to give me this tool and tell me feel free to use it, then you shouldn't be bothered when I say-excuse me, I see that this lab result came back and it's a gram negative cocci. Is that related to something that he's already colonized with?
Parents also show empowerment with statements such as, "The other benefit that it has is it gives you ownership of your child's information." Another parent said:
I'm able to pull up film from a year ago take a look at it, and take a film from yesterday and I can kind of-I don't know how to read anything, but just by putting them side by side, and being able to look at them I'm able to then go to the doctor, and I think that annoys them but I don't care. And say I noticed this little hitch, and then that puts the onus upon the providers to say oh, that's just shadowing.
One parent noted the importance of the information for promoting parent activation:
[It] is an incredible move for any healthcare facility to be transparent, so I think it's a great tool … for parents. It really eliminates excuses. People can't say well, I didn't know. You have to educate yourself. It's your child who's on that board.
Importantly, empowerment derived from the use of the LCIM was predicated on the feeling of entitlement or permission to approach and use the tool. Parents noted that there was no training or official instructions made available, which made parents uncertain if they were able to touch and use the screen. "It's not anything that's ever been explained how to use or even if we were allowed to use it, so you kind of look over your shoulders to understand if you can use it or not."
Prior Experience and Health Literacy Mediate the Usefulness of Open Data. Parents noted concerns with the lack of context and explanation and a potential for misinterpretation of the displayed information. Some parents thought that their lack of a healthcare background made it difficult to understand everything without clinician interpretation or a tutorial. One parent highlighted this concern saying, "You have to be pretty much a healthcare professional to know exactly what you're looking at." Another parent mentioned a desire for interpretation, "it would be nice to have that hovering over interpretation note or whatever it is, so this way we're able to find out what it is, and the very simplistic fifth grade reading level." Although the majority of parents stated that the LCIM was not overwhelming, there were some parents who felt overwhelmed due to the absence of explanation on the monitor. In addition, perceived information overload may vary from family to family based on the family's educational background and technological savvy.
Out-of-range test results are displayed using a red font in the LCIM, in contrast to the white font used for results within the normal range. These "red values" were one of the themes discussed by parents. A group of parents admitted that red numbers might be scary or worrisome for them. One parent said, "Especially because you know everything that's not right is in red and so if you walk in and like especially if you have visitors and they see like 'why are all of his numbers red?' that can be really scary." On the other hand, the majority of parents thought that the red numbers were not a particular concern, especially when they were familiar with the context and typical ranges for their child.
Open Data Raised Potential Privacy Concerns. Some parents noted potential concerns about privacy with the LCIM, as it is always on and available without need for credentials or login. The two concerns in particular were visibility to people who were passing by the room and friends or family who were invited into the room and were then privy to granular data and problem lists. Although parents pointed out these concerns, most noted that they themselves were not bothered by these possibilities. Other families knew of some security or privacy concerns for children and noted that some form of password protection might be warranted:
I know there's other parents that have had issues where they've had security issues and whatnot with their children where they might want the screen being turned off or something like that. I think that maybe if they had a basic parent password or something like that, that might be appropriate if they have a situation like that. Like give an option to have that. But, I like that there is total access to it, because we came in late last night and I didn't want to be sitting here worried about trying to do a password or trying do anything like that.
Parents' Suggestions for Improvement
The major suggestions from almost all of the parents were related to helping families interpret or understand the data on the LCIM. Foremost, parents identified the need for some sort of tutorial to better understand how to use the LCIM. The rest of the suggestions for improvement are presented in Table 2 .
DISCUSSION
To our knowledge, this is the first study to explore the perception of families on a parent-facing technology that provides real-time EHR data in PICU. Our findings reveal a range of insights that show granting continuous access to parents might contribute to increased family empowerment and family-centered care. This study also examined parent perceptions regarding early stage benefits and drawbacks of this technology to inform the design and implementation of future collaborative technologies.
Transparency is increasingly a driver for quality and engagement, with efforts such as OpenNotes, acute care portals, and digital applications increasingly offered by health systems to engage patients in meaningful ways to improve patient/ family education, co-create care plans, and detect and report errors (17) . LCIM represents another patient engagement tool that empowers families through access to data that have been historically out-of-sight. In similar ways, LCIM provides for transparency, leading participants to find value in improved situational awareness and error detection. Previous studies have also shown that transparency in data sharing improved parents and patients trust in care team (18, 19) . In our study, parents acknowledged how the LCIM provided more transparency in the care of their child, facilitated their understanding of their child's overall situation, and helped them better participate in a shared decision-making process with the care team. Past research has demonstrated tension between patients wanting more information and clinicians recommending some barriers to unfiltered information, putatively to reduce anxiety but also because diverging viewpoints or mixed-messages may confuse and alarm families (20) . In some studies, providers preferred "controlled release of information" in ICU environments, claiming that full transparency might violate the "first, do not harm" principle since the information could be too alarming or introduce additional anxiety (12, 18) . However, almost 80% of families in our study disagreed with this perspective and supported full transparency. The finding that parents of critically ill children support information access despite the potential anxiety from exposure to unexplained laboratory and test results is interesting, and it is consistent with those of studies of patient and parent access to medical records in non-ICU settings which reveal that increased anxiety and/or confusion about test results received prior to physician explanation is outweighed by perceived benefits (21, 22) . Additionally, at least one study has found that increased anxiety stemming from a child's admission to ICU is not clearly associated with parental comprehension of medical issues (23) . The findings suggest that rather than hiding results or information from patients, improvements to the technology that provide education and context about the information may best meet parents' needs.
In addition to enabling transparency, LCIM is able to engage patients by serving as a conversational aid. Given the increasing importance of family-centered rounds (24), the LCIM helped parents "pre-round" or prepare questions for rounds, as well as serving as a shared canvas for conversations with clinical staff. Although mobile computers or devices may create a barrier to communication, with clinicians' heads buried in personal screens (11) , the LCIM provides a common (large) interaction space for doctors and parents to look at the same information together. The providers share the same view of the data during discussion with parents. This can improve the communication during the round, consistent with studies of other types of interactive patient technologies which facilitate shared view of data (25, 26) . Our findings are in line with prior research that shows that meeting patient and family information needs is a prerequisite to engagement and patient-and family-centered care (18, 27, 28) .
Finally, several concerns were raised regarding the lack of orientation, context and explanation, and privacy. Parents Organization might be system/organ-based like kidney, heart, respiratory, etc.
Sections that are not used could be eliminated reported that they had not received any training regarding the LCIM. Some of the parents were not even aware that they were allowed to use it. The LCIM was included as part of a hospital-wide EHR implementation, with no formal or informal orientation of health providers to the LCIM. To date, there continues to be no formal orientation for new providers. Similarly, there has been no attempt to create a standard orientation for parents. This lack of orientation likely accounts for the fact that 10 of the 33 parents never interacted with the LCIM. The lack of orientation for both providers and parents is an organizational issue that can significantly affect the use of such technologies according to Technology Acceptance Model (16) , meaningful training on such technologies may increase both the use and benefit from this usage (29) . Most parents report that they learned to use the LCIM by experimenting with it or watching providers use it in the room. Despite the lack of training, most parents thought the LCIM was easy to use and had good usability features. One reason might be that the LCIM is consistent with other pervasive mental models of touch screen and interactive devices. Parents noted privacy concerns to be more hypothetical than real in their cases but suggested some steps organizations can take to obscure data in sensitive situations.
One potential concern identified by some parents was the possibility of misinterpretation of displayed information. The information displayed by the LCIM comes directly from the EHR and was created by healthcare providers with an intended audience of other healthcare providers and workers. Concerns around low health literacy, which has been well described as a barrier to engagement in care, is potentially compounded by the velocity and granularity of data generated in an ICU. At the same time, other literature raises the question of whether issues of health literacy substantively affect parental understanding of aspects of care (30) . This limitation identifies the challenge of providing tools to support multiple audiences such as clinicians and parents.
To address issues related to information interpretation, tools could be built atop the technology to assist parents with understanding the data and keeping abreast of the main issues while enabling drill down into the details. One next step might involve adding features which will give additional information to the parent in lay language regarding that specific displayed value. Another possibility to avoid additional anxiety caused by the data such as red values might be solved by adjusting those ranges based on critical conditions rather than normal values, or deviations from expectations. In order to maximize understanding and engagement, these type of collaborative technologies need to have effective user interface design and accommodate parents' health literacy level, familiarity with technology, mental models, and information processing capabilities (31, 32) .
There are several important limitations of this study. First, it is a study at a single site using proprietary technology provided through an EHR vendor. Although the vendor had no knowledge of or influence in the design or execution of the study, the findings may be limited to centers using similar technology. At the same time, our findings reveal a potential opportunity for all ICUs to use technology to engage and empower parents. A second limitation of this study is that the technology is created and presented in English, with the LCIM data only currently available in English. Although this is understandable considering that the vendor is based in the United States with a market focused on the United States, the design of the technology created a third limitation of only studying parents who speak English. It is possible that the perceptions of the LCIM by non-English speaking parents might reflect ambivalence or frustration with the technology. Finally, we did not collect data regarding health literacy of parents and cannot link this to their perception of open data access.
In conclusion, this study suggests that the LCIM, which provides open data to English speaking families and professionals without barriers, may be an effective way to empower and engage parents in the PICU. The displayed information continuously provided from the LCIM to parents might empower them to be more involved their child's care, improve awareness of their child's condition, be involved in the shared decision-making process, and improve safety by detecting errors. Finally, this study provides insights into the collaborative use of health IT in the PICU.
